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Metallic beryllium will not be available in quantity if nothing
better than the primitive methods of mining now in use, utilization of
only the richest ores, and complex and inefficient methods of extracting
beryllium oxide do not make way for better methods. If mining and
extraction oi beryllium are not improved, plans should not be made to
use more than srnall quantities of beryllium in explosives or in
propellants.
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The collUction of information on the toxicity and supply of beryllium
was part of the Bureau of Naval Weapons task, Study of Explorives
Properties, RUUO-3-E-012/2121 WFO08-10-004, to develop new
and improved solid high explosives. The information recorded herein
is to assist those who may want to decide whether evaluation of
beryllium in high explosives or propellants is likely to be feasible
and profitable.

W. D. COLEMAN
Captain, USN
Commander

By directioh
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BERYLLIUM, ACTUAL AND POTENTIAL RESOURCES, TOXICITY,
AND Pr.OPERTIES IN RELATION TO ITS USE IN

PROPELLANTS AND EXPLOSIVES (U)

INTRODUCTION

Beryllium has been suggested as an ingredient of propellants and
explosives at various establishments at various times by various
people. Those who suggest that beryllium be used as aluminum or
magnesium is used, present certain facts in support of their conclusion n
that it should be superior to the latter metals. The most cogent of these as
facts is that the heat of formation of berylliuim oxide is higher than that t
of aluminum or magnesium. Therefore, the heat of explosion of explosives sives
or heat of combustion of propellants containing beryllium, will be higher er
than similar compositions containing other metals. It cannot be concluded, ded,
a priori, that the advantage of higher heat of oxidation of beryllium will
cause explosives and propellants containing beryllium to perform sub-
stantially better than those based on other fuels. Superiority oi beryllium urn
as an ingredient in explosives and propellants will have to be established ed
by experimental evaluation.

The factors which should be considered while deciding whether to
undertake experimental evaluation of beryllium include the actual and.
potential supply of the nrzland the toxicity of the metal and its c,-.npounds. nds.
The actual and potential supply of beryllium will define the magnitude of of

plans for its use and the effort which can Justifiably be expended on ita
evaluation. Toxicity will increase the cost of evaluation, production of
metal of suitable form, and production of products. Facts about the
actual and potential foreign and dornes-,. resources of beryllium are
presented herein. These facts and discussion thereof are presented
to assist those who wish to decide for themselve. whether beryllium can
be expected to be superior to other metallic fuels, for what propellant
and explosive uses it should be evaluated, and the quantity that will be
available for expendable uses.

To recapitulate, the authors primary objective is to describe the
beryllium supply situation and to present the facts and opinions about
toxicity.
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"SUMMARY AND CONCLUSIONS

1. Commerciol beryllium ore (beryl) is mined and prepared for
market by quite primitive methods. The methods of recovering
beryllium oxide or beryllium are complex and inefficient and under no
probable economic conditions can they ever be expected to separate
more than about 600 short tons of beryllium from presently known
ore deposits. This, 600 short tons ot beryllium, must therefore be
considered to be the totil available domestic supply until mining aid
metallurgical methods have been improved. The ratio of domesti• to
foreign potentially available beryllium has been assumed to be 1: 14.
Therefore, the total foreign resources are, under existing circumstances
about 10, 000 short tons of beryllium. In emergency foreign powers will
bid for the limited supplies and nations having berylkum ores may choose
to retain them or they will sell to the highest bidder.

2. Thv Atomic Energy Commission will probably want to use large
amounts of beryllium relative to the supply and in time of emergency
will probably demand and get priority in the use of the metal. Also
beryllium will be in great demand for use in airplanes and missile
machines for special parts. Under the circumstances mentioned here
and in the precedit:g paragraph, there may be little, if any, beryllium
remaining for use in explosives and propellants. It would then be unwise
to plan to use more than tmallquantities of beryllium ir ,xplosives and
propellan to.

3. However, there are relatively vast quantities of beryllium in the
U.S. in low grade ores, containing at least 0. 1% beryl, reference (4),
estimated to contain 270, 000 tons of beryl. If economical means of
recovering beryllium from these sources are developed much more
pretentious plans for use of beryllium in explosivis and propellanta
can be jusitifed. Discovery of an acid leachable ore of considerable
magnitude would lead to the same result. The following news item
quoted from the September 12, 1960 issue of Chemical and Ellgineering
News indicates that there is reason to believe that such ores may be
found.

"Vitro Minerals Corp. has received the first loan for beryllium

2xploration (previously only beryl urea were eligible) from the Office
of Minerals Exploration of the U.S. Department of Interior. The loar
will be used to explore Vitro's property in the Topaz Mountain area of
Juab County, Utah, which seems to contain an acid-leachabl-' type of
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beryllium ore. " There is at least one othei development in the Topaz
Mountains, supported by strong engineering and financial interests, whose e
objective is a source of leachable beryllium ore.

4. Workers can bc protected from the toxic effects of beryllium during
manufacturing processes by good ventilat.on of working places, rigorous
screening of exhaust gases, and conformation to the highest satandards of
personal hygiene.

5. The toxic hazards of underwater evaluation of beryllium explosives
are believed to be negligible. Air blast evaluation of beryllium explosives S

should be performed in isolated areas. Operating employees must not
re-enter the evaluation area until the beryliLiun concentration in the air
is less than one microgram per cubic meter.

COMPARISON OF BERYLLIUM WITH OTHER ELEMENTAL FUELS

In 1951, reference (1), David Hart and W. R. Tomin.ison, Jr. of
Picatinny Arsenal published a paper in which various metals, silicon,
phosphorus (red), and boron were compared as ingredients of explosives, 5.

The table of physical and thermochemical properties presented by "cele
authors is given in this report as Supplement A. The aathor of this report t
has compiled a more comprehensive table of physical properties and
thermodynamic data for berylliurn, aluminum, boron, and magnesium.
This table is presented herein as Supplement B. The coefficients to be
substituted in the specific heat equations for various physical states of the e
four elements ani their oxides are recorded in Supplement C. Reference (5) (5)
contains discussions of the physical and chemical properties of berylliumr
as well As a tabulation of many of its physical properties. These are
reproduced herein as Supplement D.

Beryllium Resources of the Earth

After only slight study of the resources of berylliun the student can
justifiably conclude that the available and potentiaUy available biuryllium
obviously is not adequate for extensie use in explosives and prcpellm ts.
At this early stage in his studies he also concludes that '-onsideration of
any proposed use of beryllium must include estimation. of the anmount of
beryllium required and comparison of the requir.r-ne-t N-ith United St-.es
and world resources of beryllium. As previously elated one of the two
primary objectives of writing this report is to present in one document
the information of world beryllium resourcep which iill enable thobe

3
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considering beryllium for use in explosives and propellants to decide
whether beryllium for their expected need can be provided.

Referencein (4) and (7) contain much of the information presented
herein. fhlb information is preveadtad rather full in thii :eport for t-hc
benefit of readers who may not have the references.

Beryllium Resources of the United States

The resources of beryllium in the United States are fairly well
known as a result of an intensive study carried out by the Geological
Survey, Supplement E, in recent years, largely on behalf of th.! Atomic
Energy Commission. The principal known resource, are in pegrnatites.
The greatest domestic production of beryl has come from feldspar,
lithium, and mica mines in the southern Black Hills, South Dakota. The
principal sources of cobbable (separable by hand sorting) beryl, most of
which can be produced only ; i ty -pioduct of other minerals under present
conditions, axe in South Dakota, New Hampshire, Maine, Connecticut,
Colorado, and New Mexico. The Largest known source of milling rock is in
the Kings Mountain area of North Carolina, where pegmatites of 0. 04 to
0. 05 .?ercent BeO content are estL-nated to contain about 8Z3, 000 tons of
beryl or beryl equivalent to a depth of 300 feet. Spe!.troscopic methods of
analysis do not distinguish between beryllum in heryl and beryllium in
other minerals, such as chrysoberyl. Nearly ail non-pegmatitic deposits
of beryllium in the United Statms are very low grade and contain very small
reserveq.

In 1957, it was reported that the United States had the following
reserves: 8, 800 tons of beryi (440 tont of beryllium) in pegmatite deposits
containing at Ieast 1 percent beryl and at least 100 tons of b'ryl, and 3, 300
.ono of beryl or beryl equivalent (165 tons -%f beryllium, in non-pegmatite
deposite having the same tenor. The distribt.'r-n of this 605 tons of
beryllium is as follows: in pegmatites 175 tons in, South Dako.a, 180 tons
in New England, 50 tons in Colorado, and 35 tons in Idaho, Nevada, and
New Mexico; and in non-pegrnatite deposits, 165 tons in various States,
reference (8).

Another estimate indicates that the United States has 271, 800 tons of
beryl (13, 590 tons of 'beryllium) in pegmratite deposits containinj at least
0. 1 percent beryl and 7, ZOO tviýo vi 1"A ! v,.. ' y.........
beryllium) in non-pegmatite deposits of the same tenor. The bery. in
individual deposits cor.tainini, less than ten tons are exdut from. these
figures. The distribution of this 13, 950 tons of btrvyliiwn is as follows:

4
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In peganatites, 12, 190 tons in North Carolina, 800 tons in South Dakota,
350 tons in New England, 175 tons in Colorado, 65 tons in Idaho, Nevada,
and New Mexico, and 10 tons Ln other States; and in non-pegmatite deposits, sits$
360 tons in various States, reference (8).

The tin-spodumene belt, which is about 25 miles long and less than
2 miles wide and is in North Carolina, contains 823, 000 tons of disseminated rAted

beryl (41, 150 tons beryllium) to a depth of 300 feet, reference (9). Most t
of this beryl is excluded from the figures of the previous paragraph because use

the concentration is less than 0. 1% beryl equivalent.

Berylliumn Resources of Foreign Countries

Beryl has been found in many foreign countries, but little quantitative re
data on grade or restrves are available. The principal known resources
are in Brazil, India, Australia, Argentina, and various parts of Africa.
Largt beryl resources may yet be discovered in these and other parts of
the world, especially in lithiumn ..agmatites. A large part of any such newly wly

discovered beryl may be too fine grained to be of ccmrnercial interest at
the present time.

The literature indicates t,.at the deposits of foreign countries are very ry

similar to the deposits of the United States. Aside from a small quantity
of scrap trom emerald mines, all of the world's beryl obtainable under
present conditions is frownt _gmatites or fromr eluvi'il deposits derived
from pegmatites. A large proportion of the total beryl mined has been
by-product or cc-product, bL' an increasingly larger quantity is being
mined without the concomitant production of othe r mre,-rerls.

This general information about the resources of foreign countries
precedes specific descriptions of the principal deposits of beryllium
bearing minerals thrcughout the world. For more details of these the
reader shou.ld see reference (4). Because of special interest in Russian
resources the summary paragraph about the deposits in that coutry is
quoted h "t from refe; ence ý4).

"The .*ports of Sinegub, reference (11), and Ames, roference (1Z),
strongly imply that Rsslian beryl resources are meager. An inordinate
interest seems to have been taken in the extremely inaccessible Tigir-ti

more, the i.nmphasis on the Ural deposits seems scarcely !•stified, in
view of the fact that figures for site, grade, or productiv• capacity seem

[]5
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to be lacking. The Zahaikal deposits are in tungsten veins, a *y-pe of
deposit that cannot be ecoromically mined for beryl Lunder present
conditions IrP other parts of the world. Only the deposits on the nc-:'t
slope of the Turkestan Range seem to be safficient.y similar to dposits,
worked elaewhre in the w'jrld to indicate that the beryl could b- rr.-'ned
under existing economic and tec.nnol,)gical conditions ane sold at a -oftt
in an uncontrolled market.

SUMMARY OF WORLD RESOURCES

The beryllium reserves of the world are noE known wi.h - -.rtainny.
In order to estimate world resources in 1953, the ratio c." ýie beryllum
mineral resources in the United ctates io ti-ose cf al-t woy . was assumed
to be the same as the ratio of beryl p.,oduction, i935-51. For each ton
of beryl that the United States produced during that period, the world
produced 14; thus, a ratio of I to 14 was esLeblished for calculating
world resources of ber.. lium minerals. Using thiP ratio, the world
resources of beryllium in deposits containing more than I percent beryl
or equivalent beryl wt, re calculated to be about 200, 000 tons ( 10, 000 tons
of beryllium). The total resource of world depcsits cor*ainins 0. i% bervl
or beryl equivalent was calculated tc be about 4 million tons (20U, 000 tons
of beryllium), reference (10). These estimates have not since beea
confiryned. It appears from these figures that the U.S. beryllium re~erves
amount to 55, 000 tone (41, 000 tons in the tin-popedurnene belt and i4, 500
tons elsewhere) of beryllium and that the -orld reserves amount to
200, 000 tons in deposits containing over 0. 1% beryl or ber -. equivalenrt.

This information a'-out the economic geology of berylliiun was
extracted from Chaotpr i1U of reference (4). This chapter was written
in 1950 but was modified ir 1953 to fit conditions as they existed ther.
Refererce (4) -was chosen as the source of information rather than
reference (7), a later publication because there is much more det-ti: in
the former. Comparison of references (4) and J7) shows clearly that
there have been only minor changes in th- berylLwu- supply situation
since 1953, the date of reerence (7). Ci. reference (-'7).

Submzrine sources of be-yilium shouid be mnen~ioner ,ec.use :here
may be some curiosity about these sources. Beryllium isotopes having
mass numbers 7 and 10 are produced in the upper atrospSere 'y cosmic

ray bornba-drnent. T).ese ibotonpa arý- c-rri,-d into rtSp ru~ N%- Ii,i

Th7, accumulation of 'Be is neg."gible because of its qnort half life

0I
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The half life of 10Be is 2. 5 million years and accumulation can be expected
to be much larger. However, analysis of sediment cores from the Pacific
Ocean indicate that concentration of 10 Be is of the order of only a few parts 4
per million. Obviously recovery of beryllium from this source is not
feasible. No other information about submarine sources was found.

ANALYSIS OF WORLD BERYLLIUM RESOURCES

The estimates of the U.S. and world beryllium resources are misleading ing
without analysis and much complementary information. Specific qualifications ions
of these estimates are given herein in explanation of that statement.

The sources of U.S. beryllium ore which are estimated to contain
605 tons of beryllium, are either pegmatites or ,ion-pegmatites. The
165 tons and larger quantities from poorer deposits of beryllium estimated
to exis- in non-pegmatite deposits cannot be recovered by hand methods and d
recovery must await development of ore milling techniques, page M11-3,
reference (4). All commercial beryl is hand-cobbed and seldom are crystals ale
and fragments recovered that are lesa than 1 inch in size. Furthermore, the the
author :)f reference (7) on page 4 goes on to state that "probably not more
than one-third of the beryl in the average commercial deposit is recovered
by the crude hand methods now employed", Therefore, in order to Lnterpzet et
the estimates of reserves as precisely as possible much more extensive
analysis is necessary. This we propose to present here.

In order to understand the beryllium supply situation it will be necessary ary
to develop a general comprehension of the geology of beryllium, mining
methods, ore improvement, and production of berylia and beryllium,

BERYLLIUM GEOLOGY

Beryllium haa been found in many different types of rock, but it occur3 r
principally in granitic and syenitic intrusive, igneous rocks chiefly
pegmatites, granites, and nepheline- syenites and in a few sediments derived ed
from these rocks. These intrusives result from the solidifcation of molten n
rock forced upward into crevasses, cracks, and other voids in over-lying

solid rock by the pressure of this solid rock or. deep se~.t.-Ad molten r1,grnc.¶ 1. 1-1 1.
This intruded molten rock solidified under conditions that caused formatio,
of large crystals. Beryl, the only mineral found in sufficient quantity rich h

.... -.- '- •" ,-.- , nf hrvlliurn. occurs in intrusive

pegmatites in crystals or aggregates which range in size from crystals
too small to b-c -obbei (hand sorted) to an occasional 61) tons. The world's a

7
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principal sources of beryl ,'e hetergeneous granite pegmatites, where
the mineral occurs in enr.ch'ed zonm, filled fractures, and replacement
bodies. The principal ber-'! deposite are found in zones that usually
contain orly a few thousand tins o, pegmatitic rocks. A iew deposits
contain a million tons or more.

Beryllium reserves and resources may be grouped into four economic
categories: (1) Beryllium in beryl produced as the principal mineral of
a pegmatite mine; (2) beryllium in by-product beryl; (3) beryllium in
beryl and other pegmatite minerals recoverable only by milling; and
(4) beryllium in non-pegmatitic deposits. All of the berylliuini produced
at the present time is in the first two categories.

Beryl, Principal Product of a Mine

In the United States only the few deposits that contain at least 2%
beryl recoverable by hand-sorting can be mined profitably for beryl
alone under existi:,g economic conditions. Possibly somewhat lower
grade material can be mired profitably in some foreign countries.
Nevertheless, deposits that can be mined fox beryl alone are rzre.
Most, and possibly all, such deposits are small but rich shoots or pods
in larger, lower grade units of zoned pegmatites. Few of these deposits
contain more than 100 tons of beryl, but I deposit in A'gentina, presumably
of this kind, contained at least 3, 000 metric tons of beryl. Large masses
of beryl-rich rock capable of sustaining a minin• operation on their own
merits either are fou~nd in the course of mining for other minerals cr are
exposed at the surface. Additional deposits may yet be found it the surface
in foreign countries, but the search for beryllium throughout the world has

been extensive enough to suggest that appreciable quantities of beryl in
such deposits will be found only in extremely inaccessible regions.

•.- Product Beryl

A large proportion of the beryl used commercially is a by-product
or co-product from mines that produce other pegmatite minerals. The
beryl crystals must be sufficiently large and free of inclusions to be
concentrated by hand- sorting. Pegrnatite deposits from which beryl is
obtained as a by-product may coz,tain 0. 1% beryl or less. Beryl is
produced as a by-product of mica, feldspar, and litfhiur. mining in
the United States.

8L
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Reserves in known or easily found deposits that can be mined for
beryl alore under present conditons should not be expected to exceed
a few Lens of thousands of tons of beryl in the entire world.

3erylliurri Minerals Recoverable irom Ee.LatitesM i

Most of the resonrces of beryl In the United States, and 3rcJurna'ly 4Y
elsewhere in the world, can be recovered cnly by milling because the
beryl crystals either are too small or contain too many inclusions to be
sorter by hand and Lotain a clean product. A successful beneficitian
method for the recovery of beryl has not yet been developed. Noverthellss,
if world prodaction is to be greatly increased, the recovery of beryl by
miL:.iy w4.U be necespary. E' other' ba-y1y2ium minerals occur in sufficient nt

concentration in any pegmatite, they may alsa. be milled at some futi:re
time. Milling Is ,not an end process. It is preliminary to extraction of
values by flotation or leaching. Even if milling methods were to come
Lto ganeral use, beryl miaid _ probably would comtinue t~o b, largely a
by-product industry. Consequently, the beryl, to be recovevable at A
proit, would have to pay only for tie conceý-tration unit set up for beryl
in a mi'.

Beryllium in Non-Pegnatitic Deposits

The beryllium minerals of non-pegmetitic deposits are too fine
grained to be concentrated by hand methodw and cannot be recovered
under present conditions. Furthermore, uie present day beryllium
industry is adapted only to the use of beryl and possibly chrysoberyl as
hsources of beryllium- other minerals are not being used. Non-pegmatitc c
deposits, like deposits of pegmatites, should contain, at the very least:
the equivalent of 0. 1% to be considered possible future eou,-ces of
beryllium.

MINING -.ND ORE PREPARATION

Beryl (Be 3 Al 2 Si 6 0. 8 o,1 BeO. A1 2 0 3 .6SiO 2 ) the rrineral frorr,
which nearly all of the world's sappl) of beryllium is obta.neý. cGntains
5% of beryllium. It occurs in pegmatites in the form of crystals and .s
separated, for zmrnrercial use, by cobbing (hand-sorting). It is either
a by-product or co-product of mining other minerals. Consequently:

governed by demand for Lzother product. Another consequence of such

9
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relationship is that the mining metnods may be less efficient in separating
the beryl because the recovery or condition oi the co-product or main
product ore must be considered or given first consideration. For example
in mining beryl as a co-product with rmica, blasting must be done so that
maximum size mica sheets can be obtained. This may mean that the beryl
is not entirely separated from gangue and some of it may not be separable
by hand-sorting. On the other hand, if morc brisant blasting is done some
of the beryl will be lost as "fines".

Heretofore, pegmatites have been mined by underground methods
on a limited scale only, chiefly because of higher costs, compared with
opencut mining, adequate access to deposits amenable to the opencut
mining method, and the lack of initiative and capiZal to undertake under-
ground exploration of potential beryl-b•aring deposit'. To exploit beryl
pegmatites more effectively, many deposits will have to be mined under-
ground by using mechanized mining and transportation where possible to
increase efficiency and offset high labor costs.

Nearly all beryl mined in the United States is recovered as a by-
product from the mining of pel~matitas exploited pr3mrily for feldspar,
mica, quartz crystals, lithium-bearing minerals., aad gemstones. How-
ever, of.,nne foreign de nosits are worked for beryl alune. The beryl content
is usua.L.y very ernail; generally about 100 tons of "ock must be broken to
recover I tcn of hand-cobbed beryl. Hand-cobbing is a laborious and time-
conuninr operation; therefore, the ,,natter of adequate price becomes an
increaso tgly inm.portant factor in efforts tc augment the supplies oi beryl.
A.n uifo'tanate aspec. as regards beryl recovery liet in the fact that most
oi the richest biryl-contained zones of a pgrnatite dike contain the poorer
grader o: foldapar; therefore, they often are avoided ia the normal course
of rec:)vering feldspa',', and the opportunity for any potential economic
recovery of be_!yl is " .us limited.

Ore Prerre ation

Tne s-oecific g-tvity of berl 1Z. 6r to Z. 84) is slightly higher than
that cf ieldspaa or quartz, but the diffe.-ence is not enough to favor
gravit', methods of ,..paration, oucii as the "sink and flou.t" process.
Liberation of the free mnineral has not been comnmercial" j successful
rt'-rotofore; procesbs suitable for treating coarse sand- are desirable
btc.-use the op.irmuu. size for crushing the associated rr.'nerals--quartz

10
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Cohlsider.Lble work on the beneficlation uf beryllium areis was done by
* the Bureau of Mines in conjuziction with its exploratory work for other

ore deposits, %;hiefly the beryl-bearing pegmatites from -,;:rious localities i.5
In the Black Hillis. Flotation has proved to be the mast app~licable method iod
although various concentration methods wert, more adaptable economically Ll
for removing small quantities of certain accessory minerals. Some of the the
ores were amenable -10 flotation only after scrubbing with an alkali to
remove the alteration products, and still others did not respond even after rtei
this treatment.

Under memrandum agr.ement with the Defense Materials Procure- re -
ment Agency and in cooperation with the Foottb Mineral Cumpany, the
Bureau of Mines is conducting an investgatien of th recovery of beryl
as a by-product from the Kirgs Mountain, N. C., spodurmene minitng
operation. Preliminary results Indicate that beryl can be recovered
economically by flotation.

Intenoive studies are being conducted by industry and other
Bureau of Mines laboratoriet to nevelop a commercial procw us, and it
is believed to be only a question of time before the problem will be solved, ed,
tireference (13).

METALLURGY

Beryl is a compound of beryllium with alumina and silica. In
general separation of elements from silica combinations such an this
have been difficult and usually other ores are chosen as sources of the
desired element. The difficulty cd the metallurgical prncerses for
recovery of beryllium may be illuminated by examination of the beryl-
beryllium price structure. The prices for beryl and beryllium used in
this analysis are in the following paragraphs quoted fror reference ( 7).

" tIn July 1959, E&MJ Metal and Mineral Markbtam quoted domestic
beryl, 10 to 12% Be O, at $46 to $48 per short ton unit of BeO, f. o. b.
mine. On term contracts, quotations for imz-ported beryl, 10 to 12% BeO,
c.. I. f.United States ports, was $31 to $33 per short-ton unit of Bac.,l
however, the spot price was $30 to $31 per unit of Be.1

"Unit prices paid by the Government under its program for purchasing girl
domestically produced hand-cobbed beryl are as follows, 8 to 8. 9% BeO,
$40; 9 to .9% BeG, $45; an d 10% or more BacO, $50,
----------------------------
*As of 1953, date of reference (4).

"In ul 159,E• Mta an Mneal aret qote dmeti
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"In July 1959, the American Metal Market quoted the following
prices: Beryllium metal, 97% pure, lhup or beads, f.o.b., Cleveland,
Ohio, and Reading, Pa., $71.50 per pound. Beryllium-copper master
alloy was quoted f. ob. Reading, Pa., Detroit, Mich., and Elrnore, Oxio,
at $43 per 'ound of containmd bery11ium, with the balance paid as copper
at the market price on date of shipment. Beryllium-aluminum was quoted
f.o. b., Reading, Pa., Detroit, Mich., and Elrmore, Ohio, at $74. 75 per
pound of contained beryllium, plus the value of the aluminum at the market
price. "

Eighteen months later in its September 15, 1960 issue the E&MJ
Metal and Mineral Markets published the following quotations: Domestic
beryl 10-12% BeO $46 to $48 per short ton unit, imported beryl same
tenor, $34.00 to $34. 50, and spot $31. 75 to $32. 50, Price for metal
97% was quoted as $71. 50 per pound. Comparison of these prices with
those quoted in July 1959 by the same publication shows that the slight
changes have been inconsequential.

One short ton unit is 20 pounds. Therefore, in September 1960,
the quotation for beryllium in domestic beryl was $6. 39-$6. 67 per pound.
Beryllium in imported ore in September 1960 was $4.31 - $4. 58 per
pound. The quotation for metallic beryllium was $71.50 per pound.
Therefore, berylliWu mm.tal cost $65 more per pound than beryllium in
domestic beryl which nriounts to an increase of 900% through separation
of the metal from the ore. The percentage increase is less if allowance
is made for the 65' -cco-ery which is the accepted normal. If a substantial
reduction in the appa•weitly large cost of extraction could be made and
shared with the beryiium consumer anu the beryl miner, the latter would
be stimulated to increase production of beryl and insure a reliable supply.
This might encourage the miners to install more efficient mining machinery
and thereby reduce coet5.

The difficul.ieb which must be overcome in the separation of
beryllium as metal or oxide from ore are well stated in the following
quotations from page 11-7 of reference (4):

"The production of beryllium metal and its alloys has been

acknowledged as one of the most difficult tasks in metallurgy. It has
been termed 'the worlds' No. I metallurgical headache', since the

0 •. - - --. .. . . r------------ r----........-

The metAl hap, a high fu.don point and a high vapor pressure at a
temperature not mucki above the fusion point, thereby creating a critical

12



NAVWEPS Report 7346

meta.lurigical situation. The pure metal is exueedingly light, tending
to float on slags and fused electrolytes*, the halides, highly deliquescent,
cannot be reconverted to the desired form as an anhydrous salt by simple
heating after they absorb water from the air, as all halides hydrol~e
readily; when burylliumn hydroxide is precipitated it tends to occlude aiid
adsorb other salts in addition to forming basic salts and oxysalts. "

Modern processes are based largely on bringing beryllium into
solution either as a beryllium sulfate or as an alkaline fluoberyllate,
reference (14). The latter processes originated from the fact that alkaline
flkoberyllates are soluble in water, whereas beryllium fluoride is not.
Much recent metallurgical research in this field has beern done in the
United States, Germany, and France.

The refining of beryllium ores on a commercial scale is a problematical
undertaking requiring skilled operating technicians. In the processes
developed thus far, a beryllium recovery of about 65% has been accepted
as normal, although cfforts have been made to increase this figure. It is
usually economically advisable to convert the ore to beryllium oxide, or to
beryllium hydroxide, at which stage beryllium can be more readily processed ed
into all forms. The major difficulties encoantered are (1) that beryl is
entirely inert to any reagent at low temperature except hydrofluoric acid
and (2) that the compounds of beryllium and aluminum present as chemical
constituents of beryl are very similar chemically; hence, most of the
expense and difficulty in oroducing beryllium oxide is centered around the
separation of these two elements. Only three different ore processes have
been used commercially in recent years, although several hundred methods
have been invented and patented.

Joy-Windecker Process- Clifton ProductA, LIc.

In this process the ore is fused with soda ash and the product treated
with strong sulfuric acid to obtain silica in insoluble and filterable foirn
and aluminum and beryllium in the form of water- '-'uble sulfates.

*The density of metallic sodium is about one-half that of the fused
electrolyte from which it is produced. Therefore it floats on the
electrolyte. which is not a disadvantage in the production uf sodium.

13
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The major portion of the aluminum sulfate is first separated from the
beryllium sulfate by adding ammonium sulfate to the mixed sulfates. The
ammonium alum crystals formed by this addition are separated, leaving a
filtrate of beryllimn sulfate contaminated mainly with alunsinurn and iron.
The iron is oxidized to the ferric state, and the filtrate is dilusedand
treated with sodium carbonate to a pH of about 5. 5. The precipitate,
containing about 95% of the aluminum and iron and about 10% of the beryllium
present, is filtered off and separated. This crude hydroxdde is then re-
dis solved in sulfuric acid, the beryllium sulfate solution produced is
diluted, dnd the pH of the solution is adjusted with ammonia to 5. 5-5. 7 to
precipitate the remaining aluminum and iron as hydroxides. After
separation of these inmpurities the filtrate is completely precipitated with
ammonia. The pure beryllium hydroxide formed is ueparated by filtration,
washed, dried, and ignited to beryllium oxide of high purity, reference (15).

Fluoride Process-(Copaux-Kaweckli)- The Ber-yllium Corporation

The ore is first ground in a ball mill, either wet or dry, until about
70% is minus ZOO mesh (0.07 mm in diameter). It is then mixed with
sodium ferric fluoride and made into wet briquets, which are heated for
about an hour at 7300 C. The sodium ferric fluoride reacts selectively at
750 0 C with the bmryllium oxide in the beryl ore, forming sodium beryllium
fluoride and ferric oxide according to the equation"

3BeO. A12 0 3 . 6 SiOZ + 2Na 3 FeF 6 z 3Na 2 BeF 4 + Fe 2 0 3 + A120 3 + 6SiO2 .

Sulfate Process-(Sawyer-KjeUgren Process)-Brush Beryllium CompanA r

The beryl ore is firat cornpietely melted at approximately 1, 6Z50C
and then quenched in cold water. The rrelted beryl is poured into water to
obtain a frit, which is 3round in a ball rmll. This renders the ore susceptible
to attack by sulfuric acid at Z75 0 C. The main reactions irvolved are:

3BeO. A12O3. 6SiO 2 + 6H 2SO4 z 3B#%SO 4 + A12 (S0 4 )3 + 6SiO 2 + 6H 2 0,

3BeSO 4 + A12 ()LU 4 ) + (NH 4 ) 2 SO 4 (excess) = -beSU4 + ZAINH 4 (SU 4 )z

+ (NH 4 )2S0 4 ,

6BeSO 4 a 6BeO + 6SOZ + 302.

14
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Another sulfate process in use separates beryllium from the aluminum
in the sufate solution by careful pH control. Aluminum and iron hydrcuddes

precipitate before the beryllium. Separation is effected by adding some
basic material such as ammonia or soda ash.

Many more details of thosc proccsscs arc given in Chapter h of
reference (4).

Beryllium Metal

The processes described result in production of BoO instead of
metallic Be. For most uses including explosives and propellants the
latter is wanted.

Beryllium is produced as solid-lump metal by reducing an excess
amount cf beryllium fluoride in solid formwith magnesium metal charged
in a graphite-lined furnace at a crucible temperature of about 900 0 C. A
slag of magnesium fluoride and beryllium fluoride is produced. Solid
beryllium metal is recovered after the reaction is completed by raising
the temperature to 1, 300)C., somewhat above the melting point of beryllium.
The molten beryllium, which floats on top of the molten slag, Is collected
into a pool and then quickly solidified intu , floating cake of solid berylli, M.

Thin process is based on the following rtacticns:

BeO + ZNH4 F.HF - (N114 ) 2 BeF 4 + H 2 0

(NH 4 )2 BeF 4 'ZN1H 4 F + BeF 2 .

Cf. references (15) and (16).

TOXICITY OF BERYLLIUM AND ITS COMPOUNDS

The fabrication of products from ftnely divided beryllium and its
soluble compouxnds has been accompanie.. by serious illnesses and deaths
of operators. The mining of ores, recovery of beryllium as the oxide,
and the reduction of the oxide have not Veer accompanied by tovic

manifestations. It is only where finely divided metal, oxide, or cornpoun. s
have been processed that serious toxic effects have been experienced
among workers and others working or residing near plants frcon which
"f~ryiiiurn contaiving lust or fumnes nave aeen eJecte1. in. Loiiowing

15
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statement on toxicity from reference (7) is quoted because it is a good
summary of Lhe bery.lium toxicity situation today.

"Some materials containing beryllium are toxic to humans,
references (18) through (20) of this report. No ill effects from beryllium
h;ve hPon foind in minitig, •o~rting, or transporting beryl to markets.
Hoxwever, a disease known as berylliosis is caused by exposure to various
compounds, dusts, fumes, or mists from some beryllium materials and
can be injurious to health if safety precautions axe not taken. It is safest
to regard beryllium metal and its compounds in powder form as potentially
tocic. Simple and practical industrial procedures for control of the toxicity
are available.

"There are two types of beryllium-induced chro..ic diseases, skin
and respiratory. In each type a kind of tumor is formed that affects the
skin or lungs. The skin type of berylllum indced disease can sometimes
be curtracted by inplantations with some beryllium compounds. Acute
inflammatory conditions of skin and mucous surfaces can be caused by
contact with dusts, fumes, or mists of certain compounds cf beryllium.
The respiratory types, acute arid chronic, can be received from breath g
certain dusts, mists, or fumes containing the element. Most of the victims
of acute beryllium-induced respiratory disease recover rapidly and without
permanent injury, but a fe\% have been afflicted by the chronic form for
several years --ith serious consequences. Modern control practices have
practically eliminated new cases of disease from beryllium.

Little is known about berylliosis, but much has been done by the
beryllium industry to prevent the disease. Working places are kept clean;
workers are required to wasn their hands frequently, clothing is laundered
reguiarl'; dusts, fumes, and mists are caught at the source and deposited
in dust collectors, and numerous other precautions including medical
.rograms have been adopted to make working conditions safe."

The toxicity situation of beryllium was summarized very well in
reierence (4). This is quoted as Supplement F. Other publications in
,Ahi,:h the toxicity of berylliumn and its compounds are discussed are
references (25), (271 an.-d (2S). A comprehe isive bibliography, reference (29),
in •hich. 670 references are listed, on the toxicology of beryllium has
bee i prepared at the University of Rochester fur the Atomic Energy
Co:mrisaion. References (31) and (31) are other bibliographies on the

. .....
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The safe handling of metallic beryllium and its cw-,pounds are
described in detail in reference (26). The abstract of this paper

published in U.S. Government Resea--h Reports, Vol. 33, No. 3,
March 18, 1960 is quoted below in part.

"No recommendations for safe handling of beryllium in jetting up
a new operation are intended ox can be given in this report. However,
it is hoped that these references ar- brief descriptions may assist
safety engineers, operators, and plant design groups in the task of
setting up a reasonable program of safe handling practices to be adhered ed

to in any shop that expects to handle beryllium for the first time.
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SUPPLEMENT D*

1. Physical Propertis a

Beryllium, symbol Be (or GI), is a steel-gray, lightweight, hard,
metaliic element. Its ability to harden and strengthen other metals has
been Its chief useful characteristic. The specific gravity of beryllium
is 1. 846; its melting point, 1. Z85 0 Cp and its hardness 6 to 7 on the Mohs
scale. The atomic number ef beryllium is 4, its atomic weight is 9. 02,
and it is unique among elements of even atomic number in that it has a
single stable isotope. The oxide film that forms quite readily on the

surface of the metal is hard enough to scratch glass. Pure beryllium
may be somewhat ductile under certain conditions, but specimens
reported to be 99. 94 percent pure wcre brittle when cold and could only
be rolled when heated. At high temperature beryllium becomes readily
naaieable but more difficult to handle because of its affinity for oxygen.
The addition of about 0. 5 percent of titanium or zirconium is said by one
company to rencer beryllium malleable, enough to be worked satisfactorily
at a high temperature, apparently because the added metal reduces inter-
granular beryllium oxide film. Beryllium has an electrical and a thermal

conductivity approximately 40 percent of tnat of copper. Thern'ial expansion ion
of beryllium is about the sarne as that for ii'on and ordinary ,.eel and

considerably less than that for aluminum; its latent heat of fusion is higher er
than that for any of the other metals. Sound tra,'els2-1/Z times faster in
beryllium than in steel. The principal physical properties of beryllium
are listed in the accompanying table, which includ.s early data by Sawyer

and l'~jcllgrcn, Claussen and Skehan, Hoyt, Fkim Hume-Rothery and recently tly

revised data from industry.

2. Chemical Properties

The theoretical chemical composition cf beryl, the chief source
mineral oi the beryllium industry, is Be 3 Al 2 (SjO 3 ) 6 , representing a
composition of 14 percent BeO, 19 percent AIZ0 3 , and 67 percent SiC,.
Small amounts of the alkah oxides frequently replace the beryllium oxide
content. The common commercially required beryllium oxide ,-ontent
rduget from 10 to 12 percent BeO.

Pure beryllium is rather mt-able and taznishes slightly at r:-orr
temperaturesin dry air and pure oxygen. Wher il is finely ground and

*Taken from reference (4).

Z1
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blown into a flame, it burns with brilliant scintillations, reference (32).
Compounds of beryllium have a sweet taste, which accounts for the
name "glucinum" or "glucinium", sormetimes applied to the element
and currently L-sed by the French. When beryllium is heated in air, it
develops a thin, almost invisible layer of oxide -- analogouu Lj the action
of aluminum under the same conditions. This oxide coating protects the
metal from attack by either hot or cold water. Beryllium is vulnerable,
however, at temperatures above 800°C, to attack by a number of gases,
such as nitrogen, chlorine, bromine, iodine, and oxygen, but not by
hydrogen. The affirity of beryllium for oxygen makes it a strong reducing
agent.

Berylli.um metal is attacked by sulfuric, hydroi.hloric, and hot
nitric acid but not by cold nitric acid. Organic acids, buch as tartaric acid
and citric acid, react with beryllium only until an oxyhydrate is formed,
after which reaction the metal is no longer corroded. Beryllium is
dissolved by alkainc h.it i- mere re_-!_atant to 0]k1ne1i than

aluminum but less resistant than magnesium. It forms a carbide when
heated with carbon and reacts when treated with cyanides and phosphorus.

Beryllium does not react with ar-monical solutions but can be
converted to a nitride by gaseous ammonia at temperatures above 750°C,
it is extremely reactive when molten. The extraction of metallic
beryllium from beryl ore is difficult and expensive, owing primarily to
its occurrence in an aluminum silicate mineral, reference (33).

PHYSICAL PROPERTIES OF BERYLLIUM

Density (specific gravity) ----------------- 1.846 to 1.816 gm!cc*
Hardness ------------------------------- 97-172 Brinell
Tensile properties: **

Ultimate strength ------------------. 35, 000-95,000 lb. i sq. in.
Yield strength, annealed

(offset, 0. Z percent) . ...........- 30, 000-45, 000 lb. :sq. in.
Elongation (in 2 in.) ----- ---- 2-20 percent

Reduction of area ------------------- Z-20 percent
Young's modulus of

elasticity ------------------------ 36, 000, 000-44, NJC, 000
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PHYSICAL PROPERTIES OF BERYLLIUM (cont'd)

Compressive properties:
Yield strength (offset,

0. 2 percent) --------------------- 2 6, 000-86, 300 lb. /sq. in.
Young's modulus of

elasticity ------------------------- 42, 000,000-45, 000, 000
lb. /sq. in.

Shearing strength ------------------ 31,000-66, 000 lb. /sq. in.

Electrical properties:

Electrical conductivity -------------- 40-,*4 percent of Cu
Electrical resistivity -------------- 3. 9-4. 3 microhms/cc
Electrode potential ----------------- minus 1. 69 volts

Thermal properties:

Melting point ----------------------- 1.2850 C (2, 345 0 F)
Boiling point --------------------- 2, 9700 C (5, 378 0 F)
Linea, coefficient of expansion:

(Z0 - Z00°C) ------------------- 13.3 x 10-6 per °C
(200 - 700 0 C) ------------------ 17.8 x 10-6 per 0C

Thermal conductivity (at 200 C) ---- 0.385 cal. /sq. cm. i,;rr. /sec. /
0C or 42 percent of Cu

Specific heat (at 200 - 100°C) ------ 0.43-0..52 cal. /gm. /°C
Latent heat of fusion --------------- 250 -277 cal. igm.
Vapor pressure: (at 1,400(C) ....... 0.001 mm Hg

(at 3,000°C) 760. 0 mm Hg
Heat of oxid?.tion ------------------ 140. 15 cal. *'*
Magnetic susceptibility ------------ 0.79 gauas/ocrsted c.g, s.
Reflectivity (white light) ----------- 50-55 p'ercent
Velocity of soud ----------------- - 12, 600 meters/sec.

Z3
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PHYSICAL PROPERTIES OF BERYLLIUM (cont'd)

Atomic proe rtie s:
Atomic number---------------- 4
Atomic weight -------------------- 9.02
Atomic volume -------------------- 4.96
Crystal structure ----------------- Dihexagonal-bipyramidal,

close-packed
Lattice constants: a -------------- 2. 268 A. 2. 285

c --------------- 3.594 A. 3.533
Axial ratio ----------------------- 1.585 A. 1.5682
Closest approach of atoms --------- 2.223 A. 2.2211
Atomic diameter ------------------- 2. 25

*Theoretical density reported by two different sources.
**iensile propertics may vary over a wide range, according to the

method of fabrication employed.
***This is quoted correctly from reference (4) in which the temperature

is not given. Value is probably meant to be in kilocalorieG. See
Supplement B for heat of formation of BeO at 798. 160 K.
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SUIJPLEMENT E

BERYLLIUM RESOURCES OF THE UNITED STATES IN PEGMATITES
CONTAINING MORE THAN 10 TONS OF 13-RYL AND NON-

PEGMATITIC DEPOSITS CONTAINING MORE THAN
I TON OF BeO *

Pegmatite $

Resources in. Resources in
deposits :on- deposits con-
taining 1.0 taining 0.1

Location percent beryl percent beryl
or more/I or more /1

Colorado, LArimer County, Crystal
Mountain district 700 2, 400

Coloradu, Gunnison County, Cuartz
Creek district 200 300

Colorado, other dictricts 500 800
Connecticut, Middlesex and
Hartford Counties, Middletown
district 2, 100

Idaho, Latah County 100 400
Maine, Oxford County 2, 700 3, 800
Nevada 300
New H&mpshire, Cheshire and
Sullivan Counties 200 300

New Hampshire, Grafton County,
Grafton district 302 400

New Hampshire, Rockingham County,
Raymond district 100 300

New Hampshire, other districts 100
New Mexico 600 bCO
North Carolina, Tri-County district <!'0
1.1orth and South Carolina, tin-

spodaunene be. 243, 8C0i2
South Dakota, Pennington County,
Keystone district 5,400 10, 300

South Dakota, Pennington County,
Hill City district ZOO
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Pegmatites (cont'd)

Resources in Re sources, in
deposits con- deposits con-
taining 1. 0 taining 0. 1

percent beryl percent beryl
Location or more or more

South Dakota, Custer County, Custer
district 300 5, 500

Wyoming 100 Z00

Total, excluding tin-spodumene belt
(round) 11,000 28,000

Grand total (round) 11, 000 270,000

/A To the nearest 100 tons.

/2 Based on incomplete work. Beryllium recognized spectrographically
is assumed to be in beryl.

*Taken from reference (4).

Non-Pegmatitic Rocks

Resources in Resources in
deposits con- deposits con-
taining 0. 1 iainlng 0. 0 1
percent BeO percent BeO

Location or more /3 or mure /3

Arizona 30 110
Arkansas 60 ?)
Colorado iu
?,Montana IOC (7)
Nevada 10
Ne-ki HarnDshire <5 <5
",:'w Jerse" suu e y,)
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Non-Pef'natitic Rocks (cont'd)

Re sou rces'n_ Resources in
deposits con- deposits con-
taining 0. 1 tain!ng 0, 01

percent BeO percent BeO
or more or in re

New Mexico, Sierra and Socorro 400 400
Counties, Iron Mountain diotrict

New Mexico, other districts 50
Utr.h ?
Virginia <5 <5

Total (round) 400 900

Total, equivalent beryl /4 (round) 3, 000 7, OOU

/ 3 To the nearest 10 tons.
7-4 Based on the assunption that beryl contains 12. 5 percent BeO.

L7
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SUPPLEMENT F*

HEALTH AND SAFETY FACTORS

Compouids of beryllium are considered by madical authorities as
possibly dangerous to health, and precautions must therefore be taken
in their production. Health problems may be encountered when mists,
dust, or fumes of these compounds are inhaled, and such encounters
must be prevented. The sensitivity of individuals varies greatly. It is
also recognized that a few individuals are super-sensitive and therefore
cannot be employed in the beryllium industry. This applies especially to
the production of primary beryllium products in the extraction plants.

The exact role played by the beryllium atom itself is not clearly
understood, especially because the intensity of the attack on the skin
or lungs varies greatly with the element or elements combined with the
bertIliurn atom and also with the individual.

Various investigators have studied the physiological action of
beryllium in regard to lung irritation and general toxic effects. The
reselts of this work, much of which is of a conflicting nature, were
summarized in 1943 by the U. S. Public Health Service, whose own
ilvestigations at that time indicated that beryllium was not toxic. It iii
now recognized, however, that exposure to in-procens materials in any
o01e of the important beryllium -production processes may be toxic to
certain supersensitive individuals. Furthermore, certain berylliurn
salts, for example, the oxyfluoride and sulfate, readily hydrolyze to
free acids and, if permitted on the hands of workers, may cause skin
irritation and ulcers on those dermatologically susceptible. A domestic
producer has reported several cases, one of which was that of a worker
who miled beryl and had no contact with fluorides, The SAPPI organization
in Italy lost four employees, all of whom contracted the characteristic
shortness of breath. Heraeus Vacuumachrnelze A. G. in Germany experienced
no deaths from beryllun assim-ilation, but an associated company that
worked up beryllium-copper furnace dross reported a fatality of untscertained

cause. Due to the toxicity of beryllium conipuunde, DEGUSSA in Gernally
is reported to have lost 8 men, 6 in working up crude beryllium fluoride,
I at the drying and ball-milling of melted ore and lime, and I at the filter-
press operation for preparing crude sulfate solution. All eight deaths were
characterxzou Dy acute L 1i•.-i . -.

breath, and edema. The .:ormpany's new plar.t at Rheinfelcien provided

*Taken from reference (4).
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for pneumatic feeding and conveying of beryllium materials under reduced
pressure to minimize the healtl hazard. In the United States the beryllium
health hazard was recognized by Texas in 1947, when beryllium was

included in the list of minerals that may cause occupational diseases and
are compensable, (22).

The beryllium health hazard may be effectively reduced, according
to authorities, by proper ventilation, frequent washing of the hands, arms,
face, and neck, and showers at the end of each shift. Personal cleanliness

should be emphasized; and in very hot and humid weather, the operator
may be provided with a clean set of working clothes at the beginning of
each shift to combat dermatitis. It i1 also advisable to have the plaint
physician check the .hest of every employee at frequent intervals and to
X-ray all emplnyees at least once a year. Ai. employee showing signs
of lung irritation should immediately be given a period free from work

long enough for recovery to take place, thus reducing the danger of acute
pneumonitis that miRht end fatally. By taking these and other precautions,

the number of cases of dermatitis and acute pneumonitis are greatly
reduced and kept under control.

A more serious health hazard resulting in a number of fatalities has

appeared since approximately I I in some industries, particularly in

the fluorescent lamp industry, in which beryllium-zinc silicate was used.

The chronic lung disease, related to beryllium, was first noted in this
industry. It develops relatively slowly and may extend over a period of

years; hence it has been called delayed pneumonitis or berylliosis. This
health hazard is leas understood than the health hazards encountered in
the production of beryllium and its compounds from beryl ore. United

States health authorities and other medical groups are now investigating
the causes of delayed paeumonitis to establish what part betryllium playo
in the development of this disease.

In 1951, investigations of the Argonne National Laboratory, Chicago,

(23), demonstrated that aurin tricarboxylic acid (ATA) reacts with

beryllium salts by fixing the beryllium into an inactive, non-poisonous
compound. This observation his no immediate application in humans. *

During the lait few years trhe AEC, along witth others, has amassed
considerable evidence that beryllium is a toxic material under certain
circumstances. Although the mechanism by which beryl'lrum produces
dia.= sr is not vpt cle,.rlv understood. it ham been found that inhalation of

ltil. m 3 uantities ofberylliu, diprsed i. ai--r_ can _--be.
*Nov (1960) has been propcsed ard used for human prophylaxiii,
references {21) and (Z3).
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extremely dangerous, with one exception, beryl ore, all of the beryllium
compounds of industrial importance have been considered as possible
causative agents in the production of either pulnonary disease or one or
more types of dermatitis. Evidence points to the dust of pure beryllium
metal, the oxides, and cther compounds as creating health hazardsj
beryllium alloys have never been pinpointed as trouble makers.

The occupational diseases produced by exposure to beryllfiim or its
compounds are of two types: Dermatologic and respiratory.

The dermal manifestations are caused by direct contact with certain
beryllium material. There are several recognized dermal responass:

1. A typical industrial dermatitis which usuall) appears on the
face and hands. It produces severe irritation and itching. Areas subject
to excessive perspiration and abrasion by clothing, gloves, goggles, or
face masks are susceptible to attack.

2. Skin ulcers may develop after the introduction of some beryllium
materials in a cut or wound on the skin,

3. Skin lesions have developed spontaneously in patients who have
contracted the chronic form of pulmonary diseasc.

4. Tumors have developed beneath the surface of the skin after it
has been cut with a fluorescent tube containing berylilituI phosphors.

There are two princiral respiratory responses, acute pneumonitis
and chronic pulmonary granulomi.tosis (bcrylliusis). These may be
disabling or fat.!O

Acute pneumonitis is produc:ed by exposure tc relatively high
concentrationq of airborne beryllium. (The use of the word beryllium
here implies either metallic beryllium or cne of its compounds. ) It
has been known to develop after a single short exposure to soluble
be-Vlliu.m salts. No personnel should be exposed to concentration greater
than 25 micrograms Der cubic meter for Any period of time, however
short, (24).
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"Chronic berylliosis is an insidious disease that may develop after
exposure to concentrations considerably lower than those responsible for
acute pneumonitis. Its onset may be delayed from a few months to severa.I
yearo after exposure.

"An inplant daily average concentration of I to 2 micrograms per

cubic meter of air has been widely adopted as a safe operating criterion by
plants handling beryllium (24). The essentials of a hygienic program for
beryllium plants are: Careful plant design, effective local exhaust ventilation, n,
routine dust monitoring, rigorous housekeeping, enforced personal hygiene,
and strict medical supcrvision.

"A hazard may develop in the vicinity of a 2lant which processes large
quantities of beryllium materials if the process gases and ventilating air are
not properly controlled. A maximurm allowable average concer•tration of
0.01 microgram per cubic meter has been recommended for the neighbor-
hood around a beryllium plant (2.4). Dust-collecting equipment must be
employed where such a problem may exist.''

31



NAVWEI.S Report 7346

REFERENCES

(1) David Hart and W.R. Tornlinson, Jr., Metal Progress 59, 788(1951),
Uie of Finely Divided Metals In Explosive.

(2) Han~dbook of Chemistry and Physi,..s, 41th Edition - Che,:,ical Rubber
Publishing Co., Cleveland, Ohio

(3) Selected Values of CGlemical Thermodynamic Properties. Circular
cf the National Bureau of Standards 500. Frederick D. Rossini,

Donald D. Wagman. William H. Evans. Samuel Levine and
Irving Jaffe

(4) Material Survey - Beryllium. Cornpiled by U. S. Department of
the Interior, Bureau of Mines, September 1953

(5) John H. Perry, Chemical Engineers' Handbook. McGraw-Hill,
Ne- York, 1950

(6) K.K. Kelley, U.S. Bureau of Mines BuUl. 371 (1934)

(7) Donald E. Eilertser., Beryllium, a chapter from Mineral Facts
and Problems 109, Edition. Preprinted from U.S. Department
of tie interior, Bureau of Mines Bulletin 585.

(8) Norton, J. J. Griflitts, W. R. and Wilmarth, V. R. , Geclogy and
Resources of Berylliurn in the United States. Zxrd United Nations
Internat. Conference on the Peaceful Uses of Atornic Energy.
Geneva, Vol. 2. Survey of Raw Material Resources, September
1958, pp Z1-34.

(9) Griffltta, K. R. , Beryllium Resources of Tin-Spod'unene Belt,
North Carolina, Geol, S&.rvey Cir. 300, 1954, 12 pp.

(10) Bureau of Mines and Geological Survey. Materials Survey-
Beryiliun'., Septemnber 1953.

(11) Sinegub, E. S. , Beriii: Nemetallicheskive iskopayemye, U.S.S.R.,
Moscov- Leningrad, Vol. 2, 1043, pp. 12Q-157.

(12) Ames., Ed'xard, Beryllium, and Tant-•imin Urc I)epoeSih 7 i,
Union: U.S. Ernbassy-, Moscow. U. S. S. R. , Desi.iatcii 30Z, Encl. 1,

March Z7, l144

3Z



NAVWEPS Report 7346

REFERENCES (cont'd)

(13) J.S. Kennedy and R.G. O'Meara, Bureau of Mines Report of
Investigations 4166, Flotation of Beryllium Ores, January 1946.

(14) H. Copaux, French Patent 476, 475, issued in 1915.

(15) Kroll, W. J., Extractive Metallurgy of Beryllium: Bureau of
Mines Inf. Circ. 7326, 1945, 15 pp.

(16) Kaufrnann, Albert R., Gordon, Paul, and Lillie, D.W., The
Metallurgy of Beryllium: Trans. Am. Soc. Met'is, 42, 785-844
1950.

(17) W. R. Griffitts, Beryllium Resources of the Tin-opodumene Belt,
North Carolina. ' ted Stites Departrnent of the Interior Geological al

Sur-vey Circular.

Keith, Arthur, and Sterrett, D B., 1931, Description of the
Gaffney and Kingb Mountain quadrangles, South Carolina and
North Carolina: U. S. Geol. Survey Geol. Atlas, folik 22Z.

Kebler, T. L., 1942, The Tin Spodumene Belt of the Carolinas:
U.S. Geol. Survey, Bull. 936-J., p. 245-Z69.

RAnkarna, Kalervo, and Saha-na, T.G., 1950, Geo-chemistry
Univ. Chicago Press.

A.nonynmous, 195-:, More Spodurnene from Kings Mountain Elg.
and Mir. Jour., V. 153, p. 95.

Fries, Czrl, 1q42, Topar Deposits near the Brewer Mine,

Chesterfield County; South Carolina: U.S. Geol. Survey Bull.
936-C p. 59 -7b.

Griffi~tp, W. R. and ON-erstreet, W. C., 1952, Graniti. rncka clf
the Western Carolina Pied-.ont: Arn. Jour. Science, V. 25',
D. 777- 789.

(18) Bretrin, A. T. t-nd Harris, W. D. , Health Protection in Berylium..
Facil-Ites, ý-unlrnarv o: len Years ,t kxoerten-. . •-K
H-iASL-3t, May i, j5o, 50 pp.

33



NAVWEPS Report 7346

(19) -------- Report of the Panel on Toxicity of Beryllium of the
Materials Advisory Board. Nat. Academy of Scidea¢e, Nat.
Research Council Rept. MAB-135-M, July 1958, 22 pp.

(20) Morgis, G. G. and Forbes, J, J., Review of Literature on Health
Hazards of Beryllium and Its Compounds, Bureau of Mines Inf.
Circ. 7574, July 1950, 23 pp.

(21) Beryllium and Berylliosis, Scientific American 199, Aug. 1958,
page 27.

(Ze) En~ineerlng and Mining Jo. rnal, Vol. 143, No. 8, Aug. 1947,
p. 105.

(23) Science News Letter, Antid1ote to Beryllium: Vol. 60, No. 22,
Dec. 1, 1951, p. 333.

(24) Boyer, M. W., Gen. Mgr. Recommendations for Control of
Beryllium Hazards: U.S. Atomic Energy Commission Memorandum
Publication, AEC Heatth and Safety Division, July 17, 1952.

(Z.5) ri-ry1iwu&, .,v of the Rarer Metals, No. 7, G. E. Darwin,
H.H. Budder), Academic Press, Inc. 111 Fifth Ave., New York,
N.Y., 1960.

(26) Some Notes on Safe Handling Pr. -ices for Beryllium, by
Webster Hodges. Defense Metals Information Center, Batte!h-
Memorial In tute

(Z7) U7.S. Covernmc.nt Resea.rch R.ports, 33, 360 (lQ601, 1B 161 319.

82 1 U. S. Governrl-,:,t Research Reports, 33, 361 (1Q6,0), Pb 138 454.

(141 Toxicology of F e rLliu:-: A Bibliography by E. D. Hutchinson,
R. D. Aras:rcrng, E. A. MaVr•.Ard, .ýnd H.C. Hodge. AEC
Research ;tnd Dceloý):-ent Reuort "R 570.

(30) Sachs, F. L_ B ie-e" ,, K. D., 13 c :-* : Toxicology. A
Litera.urc search Y- I Pla:nt, Cir~icit- ar'nd Carbo'" Che ji.l Co.
Oak R'dge. Ter-cne55cee.

Rese, -. R., r , EC -R Bib_'-4:, o:. the TDxico(ýý5y,,' Be rylliu-m, AF-CU- 4143" •(; "



NAVWEPS Report 7346

REFERENCES (cont'd)

(3Z) Dement, J., Dake, H.C., Rarer Metals; Chemical Publishing Co., hemf
New York, 1946, p. 5

(33) Richardson, L. B. , and Scarlett, A. J., General College eral
Chemistry: Henry Holt and Co., New York, 1947, 4th Ed. ,19.

3±


